Mechanism of quinolone inhibition of DNA gyrase. Appearance of unique norfloxacin binding sites in enzyme-DNA complexes.
As a means of gaining additional information on the topoisomerase-mediated cytotoxicity induced by a variety of antibacterial and antitumor compounds we have examined the interaction of the quinolone anti-bacterial agent, norfloxacin, with the bacterial topoisomerase, DNA gyrase. Membrane filtration and spin-column techniques were used to study the binding of [3H]norfloxacin to purified plasmid DNA, DNA gyrase, and complexes formed by adding gyrase to different forms of plasmid DNA. Consistent with previous results (Shen, L. L., and Pernet, A. G. (1985) Proc. Natl. Acad. Sci. U.S.A. 82, 301-311) little [3H]norfloxacin binds to reconstituted gyrase, but significant levels of drug bind nonspecifically to relaxed DNA. However, when DNA and gyrase are incubated together additional norfloxacin binding sites are detectable. These complex-dependent sites are distinguishable from those sites involved in nonspecific DNA binding in that the complex-dependent sites are saturable and they retain bound norfloxacin after centrifuging the complex through a spin column. In addition, extent of binding is influenced by the topological state of DNA used to form the complex. The complex-dependent norfloxacin binding sites are likely involved in the inhibition of the enzyme since saturation of these sites occurs in the same norfloxacin concentration range as the inhibition of DNA supercoiling activity. Moreover, there is a close correlation of norfloxacin-induced DNA breakage with levels of norfloxacin bound to complexes of gyrase and relaxed DNA. These findings provide the first direct correlation of quinolone binding with inhibition of enzyme activity and induction of DNA breakage, and they suggest that the inhibition of DNA gyrase by norfloxacin occurs as a result of binding to a site which appears after the formation of a gyrase-DNA complex.